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Warfarin, a coumarin derivative, is a low molecular weight oral anticoagulant which has been in clinical use for 50 years. Prior to introduction as an anticoagulant drug in human, warfarin was a useful rodenticide, which acted by inducing fatal hemorrhage in rats (1) . Oral anticoagulants, warfarin and its derivatives, have both advantages and disadvantages in term of safety, efficacy, and cost. There were several reports of congenital anomalies in human relating to warfarin exposure during pregnancy. Therefore, the manufacturers have issued warning against using warfarin during pregnancy since the late 1970s (2) (3) (4) . In 1966, DiSaia reported the first case of multiple congenital anomalies in an infant associated with maternal ingestion of warfarin during pregnancy (3) . In 1980, Hall et al reviewed 418 pregnancies in which warfarin derivatives were used, and estimated that onesixth of pregnancies resulting in abortion and stillbirth; one-sixth of infants abnormal, and two-thirds resulted in apparently normal infants (4) . It is therefore a well known fact that fetuses who are exposed to warfarin in the first trimester of pregnancy have an increased risk of embryopathy consists of nasal hypoplasia and stippled epiphysis, which is known as çFetal warfarin syndromeé or çWarfarin embryopathyé (1) (2) (3) (4) . There were numerous reports of multiple congenital anomalies associated with warfarin exposure during pregnancy from all over the world (2, (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 17) . In Thailand, a report from Chiang Mai University demonstrated a case of prenatal sonographic diagnosis of fetal warfarin syndrome in 1999. This case was diagnosed at 25 weeks of gestation and delivered vaginally as stillborn fetus at 26 weeks of gestation (14) . We herein report a first case of postnatal alive infant with fetal warfarin syndrome in Thailand.
Case Report
A baby boy was the third offspring of a 34-year-old woman with SLE and secondary antiphospholipid syndrome. She had digital gangrene, which was diagnosed 2 years prior to pregnancy. Consequently, she regularly received warfarin 3 mg/day, prednisolone, nifedipine, colchicine and chloroquine at the Rheumatology clinic at Siriraj Hospital. She had an unplanned pregnancy while taking warfarin. The pregnancy was alert at 29 weeks of gestation because she had bloated. Her internist and obstetrician discontinued warfarin, and since then subcutaneous fraxiparin, a low molecular weight heparin, was administered. She developed premature rupture of the membrane at 30 weeks of gestation, 8 hours prior to normal delivery. The baby was born with APGAR scores of 7 and 8 at 1 and 5 minutes respectively. One hour after birth he developed tachypnea and cyanosis. He was intubated and transferred to our Neonatal Intensive Care Unit.
Physical examination revealed a baby boy at 35 weeks of gestation by Ballard score. His birth measurements were weight 1,460 gm, length 37 cm and head circumference 29 cm all of which were below the third percentile for 35 weeks of gestation. He had short trunk and limbs, short neck, marked nasal hypoplasia, deep groove between alar nasi and nasal tip, brachydactyly and hypoplasia of all distal phalanges (Figure 1-4) . Neonatal radiographs revealed epiphyseal stippling of sacrum, spines and proximal humeri and femurs ( Figure 5 ).
The patient was not able to wean off oxygen therapy and was intubated due to severe upper respiratory tract obstruction from severe nasal abnormality. He eventually developed respiratory failure and expired at 6 months of age. 
Discussion
Warfarin is used for the prevention of systemic thromboembolism. However, it is known to possess some teratogenic effects in human. Warfarin prevents the recirculation of vitamin K leading to vitamin K deficiency, which results in decrease of vitamin Kdependent clotting factors synthesis. It is used in the treatment of thromboembolic disorders (15) (16) . Moreover, warfarin interferes in vitamin K epoxide reductase activity, which plays a role in the synthesis of some vitamin K-dependent proteins such as osteocalcin and Gla matrix protein, two essential components of bone and cartilage development (15) (16) . Warfarin is a relatively small molecule with molecular weight about 1,000 daltons. Its unbound fraction easily crosses the human placental barrier to reach the fetal blood circulation (17, 18) . Since warfarin readily crosses the placenta, it is implicated in two major adverse effects. First, it inhibits vitamin K recycling in the embryo resulting in hemorrhage in every fetal organ (2, 10) . Second, it interferes in vitamin K reductase activity which leads to a decrease in the production of vitamin K-dependent mineralizaton inhibitors in cartilage resulting in ectopic calcium deposits in epiphysis and nasal septum called epiphyseal stippling. In addition, premature closure of growth plate and shortening extremities could ensue (9) . Franco et al, suggested that warfarin may inhibit arylsulfatase enzyme acitivity, the cause of X-linked recessive chondrodysplasia punctata, which has a phenotype identical to warfarin embryopathy (19) . In 1966, Di Saia reported the first case of fetal warfarin syndrome (3) . Anomalies include nasal hypoplasia, choanal atresia, laryngeal abnormalities, upper airway obstruction, short neck, hypoplasia of distal phalanges, brachydactyly, and short limbs. The most striking radiographic finding is pronounced epiphyseal stippling of vertebrae, sacrum and long bones during early childhood and disappears with age (20, 21) . All the above results are from exposure to warfarin in the first trimester of pregnancy. Other teratogenic effects in fetuses exposed to warfarin after second or third trimester include optic atrophy, blindness, corneal opacity, deafness, microcephaly, hydrocephalus, epilepsy, Dandy-Walker malformation and mental retardation (4) . The greatest susceptible period for developing warfarin embryopathy is between the 6 th to 9 th weeks of gestation (9) . Hall et al (1980) reviewed 418 pregnancies with maternal warfarin derivatives usage and concluded that spontaneous abortions occurred in 8.6%, live births in 83.7%, stillbirths occurred in 8.4%, premature deliveries in 4.6%, neonatal deaths occurred in 2.9%, and warfarin embryopathy in living infants occurred in 4.6% (4) . Blickstein et al collected seven case series of warfarin usage during pregnancy published after 1980, and compared with the data compilation of Hall et al (2) . The data reveal similar frequencies of still birth, neonatal deaths and warfarin embryopathy but higher with respect to spontaneous abortion (24.1 vs. 8.6%) and premature deliveries (13.9 vs. 4.6%) and lower with live births (73.3% vs. 83.7%), neonatal death in 4.5% and warfarin embryopathy in 2.4% (2) . Warfarin can cross the placental barrier, but heparin, which has molecular weight about 20,000 daltons, can not reach the fetus by crossing the placental barrier (17, 22) . Therefore, pregnant women should switch from warfarin to heparin throughout the pregnancy in order to reduce the incidence of stillbirths and warfarin embryopathy. Low-molecular-weight heparin can be the alternative regimen for these pregnant women (12) . This case report should alert clinicians and, in particular, obstetricians to the teratogenic effects of warfarin. Any female patient in the child-bearing age who is taking warfarin should be warned against pregnancy. Furthermore, pediatricians should keep in mind for the possibility of the congenital warfarin syndrome in the newborn with the history of maternal warfarin usage, and can prevent the tragedy of an avoidable recurrence of birth defects in subsequent pregnancies. 
